A
VARIETY of histological procedures have been applied to biopsy specimens of brain tumors in an effort to evaluate their proliferative activity. Recently, immunohistochemical assessment of proliferating cells has been attempted using antibodies to bromodeoxyuridine (BUdR) ~8 and proliferating cell nuclear antigen (PCNA/cyclin), 2s and Ki-67 antigen. 2~ The BUdR method requires preoperative injection of BUdR, which may be toxic to the patient. Since PCNA/ cyclin and Ki-67 antigen easily lose their antigenic activities in conventional fixation procedures, 26 immunohistochemical staining with these antibodies is not suitable for retrospective studies on stored formalinfixed paraffin-embedded tissue specimens.
Nucleolar organizer regions (NOR's) have been shown to be loops of ribosomal deoxyribonucleic acid (rDNA) which transcribe to ribosomal ribonucleic acid (rRNA) ~ and are associated with several proteins. Since NOR-associated proteins (Ag-NOR's) are argyrophilic, silver staining methods have been used for demonstration of Ag-NOR's in chromosomal preparation. In 1980, Howell and Black ~9 developed a simple one-step silver colloid staining method which can clearly identify NOR's as black dots on paraffin sections under a photomicroscope, It has been suggested that the number and size of Ag-NOR's correlate with cellular activity in general and may be an indicator of the degree of proliferative potential or malignancy of human neoplasms?,5.9-~ 1,14 We have examined the number and size of Ag-NOR's and have correlated their distribution pattern in paraffin-embedded tissue samples of various human brain tumors with their histological grades of malignancy according to the World Health Organization grading system. 3~ Nucleolar organizer regions are located on the five acrocentric chromosome pairs; 2 however, they have been reported in abnormal locations (ectopic NOR's) in human testicular tumors. 7 We also examined the expression of NOR's in the chromosomes of cultured cells from human brain tumors.
Materials and Methods

Staining of Ag-NOR's
The tumor specimens examined were obtained from 128 varied brain tumors during surgical operations. Specimens were routinely fixed in 10% neutral buffered formalin and processed with paraffin wax. 10 ~m were cut and dewaxed in xylene, and then hydrated through decreasing grades of ethanol to deionized distilled water. The Ag-NOR staining was carried out by the one-step method of Howell and Black. ~9 Briefly, a colloidal developer solution (freshly made each time), consisting of one volume of 2% gelatin in 1% aqueous formic acid and two volumes of 50% aqueous silver nitrate solution, was reacted on the surface of the sections for 60 minutes under safelight conditions at room temperature. The sections were washed with deionized water and dehydrated in ascending ethanol concentrations. The sections were placed in xylene and mounted in a synthetic medium. No counterstain was applied.
Cell Culture
The biopsy specimens were minced into pieces approximately 1 mm in diameter. The fragments were then layered on the bottom of Falcon plastic flasks with 5 ml of medium. To initiate the culture, Dulbecco's modified Eagle's medium (MEM), supplemented with 20% inactivated fetal bovine serum (FBS) containing penicillin G (200 IU/ml), was used. All cultures were incubated at 37"C in a humidified 5% CO2 atmosphere. When the primary culture reached confluence, the cells were transferred by treatment with 0.05% trypsin and 0.02% ethylenediaminetetra-acetic acid, and maintained in the same medium but containing 10% FBS. Established cultured glioma cell lines were maintained using the same procedure.
Evaluation of Ag-NOR "s
In each case, about 200 nuclei were examined under a x 100 oil-immersion objective lens. Multiple regions from each section were examined. The silver-stained dots were counted and the mean number of Ag-NOR's was determined for each nucleus. Careful focusing was used to visualize all Ag-NOR's in a nucleus. The areas of the nucleoli and the Ag-NOR's of each cell were also measured by means of a microcomputer-assisted image analysis system, and the percentage of mean Ag-NOR area to mean nucleolus area was calculated (%A/N). The differences between the groups were analyzed by the use of Student's t-test.
Chromosome Analysis
To obtain cells in metaphase from established glioma cell lines and primary cultured tumor cells, cells were incubated in MEM containing 0.5 #g/ml of Colcemid for 6 hours. After hypotonic treatment (0.56% KCI) and triple fixation (3:1 methanol:acetic acid), slides were made and flame-dried. The Ag-NOR's were stained on the slides, and the slides were then rinsed several times in distilled water and counterstained with Giemsa solution for 2 to 3 minutes.
Results
Biopsy Specimens
In all specimens, a variable number of silver dots (Ag-NOR's) were clearly stained black in yellow-stained nuclei. In seven cases of low-grade astrocytomas (grade 1 or 2), the mean number of Ag-NOR's per nucleus was 1.98 _+ 0.23 (_+ standard error of the mean). The mean nucleolus area, Ag-NOR area, and %A/N for these cells were 20.1 sq urn, 1.3 sq urn, and 6.5%, respectively. The Ag-NOR's were similar in size and location near the periphery, of the nuclei. Twenty-seven cases of high-grade astrocytomas (grade 3 or 4) showed a higher mean number of Ag-NOR's (2.41 _+ 0.39) than that of low-grade astrocytomas. The mean of %A/N was increased as well, to 11.1%. These tumors also displayed moderate pleomorphism of Ag-NOR's ( Fig.   I left) . The highest mean number (3.57 _+ 0.88) of Ag-NOR's per nucleus among the brain tumors were found in two cases of medulloblastomas; however, the Ag- NOR's were generally small (%A/N 5.6%) and were scattered throughout the nucleus (Fig. 1 righO. Among 53 cases of meningiomas there were a few large Ag-NOR's (mean 1.97 _+ 0.38), which were in a clustered distribution. Four cases of malignant meningiomas possessed a significantly high mean number of Ag-NOR's (3.22 _+ 0.68). The mean %A/N of meningiomas and malignant meningiomas was 8.0% and 10.8%, respectively. The mean Ag-NOR was 1.89 _ 0.28 (%A/N 7.4%) for 11 cases of neurinoma and 2.06 _+ 0.63 for seven cases of pituitary adenoma. There was a tendency for larger Ag-NOR's to be found in the central area and smaller ones at the periphery (Fig. 2) . Macroadenomas had a higher mean number of Ag-NOR's (2.52 + 0.64, three cases) than did microadenomas (1.72 _+ 0.39, four cases). Three cases of craniopharyngiomas had a relatively high mean number of Ag-NOR's (2.36 _+ 0.28) and %A/N (12.9%) compared to other benign tumors. This might reflect that craniopharyngiomas tend to have increased activity of secretion compared to other benign tumors. Four cases of malignant lymphomas revealed many Ag-NOR's (mean number 3.29 + 1.24) with a large area (%A/N 15.5%) and with a highly irregular shape (Fig. 3) .
These results are expressed as a scattergram in Fig.  4 . There was a statistically significant difference in the mean number of Ag-NOR's in the nucleus between the 81 benign tumors (Grades I and 2: 1.98/nucleus) and the 47 malignant tumors (Grades 3 and 4: 2.95/nucleus; p < 0.01). Morphometric findings demonstrated a generally increasing trend in the areas of the Ag-NOR's with increasing tumor malignancy. However, it is noteworthy that medulloblastomas have small Ag-NOR's in spite of being malignant tumors and craniopharyngiomas have large Ag-NOR's in spite of being benign tumors. NOR's. These ectopic sites were located near the centromere of A, B, and C group-sized chromosomes. Abstracts of karyotypes are shown in Fig. 5 and the number of Ag-NOR's on chromosomes in certain cultured brain cells is shown in Table 1 .
Discussion
Nucleolar Organizer Regions
The nucleolus is known to be a subce]lular organelle producing rRNA and to be composed of the three components discernible under an electron microscope: a fibrillar center, a dense fibrillar component, and a granular component.~ Among these three components, the fibrillar centers are the so-called "nucleolar organizer regions" which consists of loops of DNA transcribing to 18S and 28S rRNA subunits. ~'2 Although activated NOR's are found in the nucleolus, inactive NOR's may be detected in the extranucleolar nucleoplasm. 29 Several proteins, including RNA polymerase I, 24 C2s protein (nucleolin), 22 B23 protein, 2j 100-kDa proteinff and 80-kDa protein, 3 are known to be associated with NOR's. They include carboxyl-and sulfur-containing proteins that are of essential importance in the Ag- 
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The exact significance of changes in the number and distribution of Ag-NOR's is not fully understood. However, since NOR's are transcribed to rRNA and thus ultimately to ribosomes and finally to protein, it has been speculated that an increased number of Ag-NOR's might reflect an increased rDNA transcriptional activity or potential ~ and might indicate increased nucleolar and cellular activities) ~3 Therefore, Ag-NOR's have been used as an index for the proliferative activity of cells. There have been several reports that higher numbers of Ag-NOR's correlate well with high-grade malignancy in intestinal tumorsfl neuroblastomas, ~~ malignant melanocytic lesions," and non-Hodgkin's lymphomas? Hall, el al., ~4 reported that the proliferative activity of tumors, as determined by immunostaining with the monoclonal antibody Ki-67 (a marker of cell proliferation), correlated well with the mean number of Ag-NOR's in the tumor cells. Correlation was also reported between the mean number of Ag-NOR's and the S-phase cell populations determined by BUdR immunohistochemistry 2~' or DNA flow cytometry. 4 These data suggest that the mean number of Ag-NOR's may reflect the cellular proliferative activity.
The authors studied a total of 128 human brain tumors in relation to the number and size of Ag-NOR's as well as their distribution pattern. A statistically significant difference was observed in the mean number of Ag-NOR's in the nuclei between low-grade tumors and high-grade tumors. There was also a tendency that the size of Ag-NOR's in high-grade tumors was increased compared to that in low-grade tumors. Cells of low-grade tumors tend to have a regular nucleolus with tightly clustered Ag-NOR's, while high-grade tumor cells often show dispersed Ag-NOR's throughout the nucleus assvNJ asmultiple nucleoli containing clustered Ag-NOR's.
Ag-NOR '6 on Chromosomes
Nucleolar organizer regions are located on the satellite stalks of short arms of the five acrocentric chromosome pairs (Nos. 13, 14, 15, 21, and 22) in human diploid cells. ~L5 The number of Ag-NOR's on chromosomes in human diploid cells varies from five to 10, with a mean of seven to eight in phytohemagglutininstimulated lymphocytes. -'s Cytogenic studies have shown ectopic Ag-NOR's or unusual Ag-NOR patterns in certain malignancies. 7-'~ Our findings revealed that cultured brain-tumor cells except T-98G expressed five to eight Ag-NOR's on acrocentric chromosomes; the T-98G glioma cells possessed an increased number of Ag-NOR's on chromosomes. Except for T-98G cells, the number of Ag-NOR's was similar to that reported in normal cells in spite of their increased modal chromosome number and increased number of acrocentric chromosomes. Five of eight cell lines demonstrated inconstant ectopic Ag-NOR's. The T-98G glioma cells have three constant ectopic Ag-NOR's on their chromosomes and their increased Ag-NOR's may be ascribed to these ectopic Ag-NOR's. The active ectopic NOR's may be due to the participation of short-arm acrocentric chromosomes in translations or derepression of previously existing but inactive NOR sites on nonacrocentric chromosomes] It will be worthwhile to investigate the biological role of ectopic NOR's in brain tumors.
Conclusions
Silver colloid staining seems to be a useful method for evaluation of proliferative activity of brain tumors. It has an advantage over immunohistochemical methods because it can be easily applied to conventionally fixed and processed paraffin sections and enables the retrospective study of brain-tumor specimens for their proliferative potential.
